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Abstract.—— —.

‘1’flc National Aeronautics and Space Aclnjinistration  (NASA) Ilas es[ablisbecl  tllc Ncw Millcnrlium l’rop,ran~
(N MI’), a scicncc-ciriven tccl}r~olc,p,y-vali clatiot~ program that is desi~,ncd to accelclatc tile availabili~y  of tcchlloloj<y
I)cccicxi for NASA’s scicncc  missions ofthc  2 1st ccnlary. Throagb  a set ies of clccp space and f{ar-lll orbiting flights,
NMI’ will validate suites of advallccd tcchnolog,ics in ot-dcr to Ilclp lower tbc risks and costs to f~)[arc missions that
usc Ibct]). Since its inception ICSS tbcn two years ag,o, the NMI) has moved abca(i quickly to create itlll~lcrl~ct~tatitjt~
clcvncnts  allci proccsscs  to identify, cicvclop, deliver, and validate these adva[lceci technologies fot flight, ali(i has so
h defined the first two ctccp space atld [hc first Ilardl  orbiting flights, )vbich are carrcn(ly itl the (iesign atld
dcvclopmm  PIOCCSS.

IN’II<OI)LJC:’I’1  0N”. ..-— .-. —___

‘1’bc  ot}jectivcs  of tbc Ncw Millcnniam I’rogram  arc to enable 21 st-century science missions through tllc
icicntificatlon  ami validation of advanced tecbnolo~ics sclcctcd for flight application. “1’be NMI’  will focus on new,
brcaktbrou#l tccbnologics that mntribatc  significantly to rcdacing tbc cost ~vbilc increasing tllc relative scientific
capabi lit y of future space al~d [;artb scicncc missions. NMI’ tccbtlology-val  idation flights will also provide
opl)or[anitics  to captare nlcaningful  science by cicmcmstrating  technologies in a manner that emulates tbcir intended
scientific USC. New technologies will bc infascd into tbc nation’s commercial base, and significant benefits to LJS
in(iastriai compctitivcllcss will bc realized t}lroag}l the ioirlt dcwclopmcnt  program. ‘Ihc Ncwr Millenllill[n ]’rop,rarn
will also pioneer new ways of’ pwtnering with indast~y, nonprofit organizations, academic iltstitutions, and otbcr
p,ovcrllment agcncics.

‘1 bc ptogram  will focus on affbrciable  futarc science missions tllroup,h at] emphasis on:

● ~<cduccd dcvc]opment  costs tbroagh the asc of validated technologies and etlhanccd proccsscs,
including shcanllincd n~anagcmcnt  and systcm engineering pracliccs

● RCCJUCCCI launch costs through lowering, spacecraft lnass  and payload
● Rcdaccd  opc[ations cos[s  tllrougb grmtcr spacecraft aatonomy
● lhbanced  scict)tific capability

I) R()(;RAJM  lMI’l,I;NI  I: N’I”A’I’ION  STI{[JC’I’(JR1;-— .— .. —____ —.. _._ —__ — —

“1’IIc Nmv  Millcnniam I’ro{yam  is oniqac among tcchnotogy  validation programs in that it follows a scicnce-
dI ivcn vision.  A team of scictltists, known as a scicncc working gyoap,  was crcatcd to a[liculatc  NASA’s scicncc
vision of space cxptol-ation  and f;artb  observation for the 2 1st ccntary. ‘1’tlc scientists bavc i(icntiftcd the capabilities
reqaircci by fu[urc missions to ctlablc tbcm to acbicvc this vision. After the capahil  it ies arc icicnt ificci, advancc(i
twhno]c)gics are sclcctcd fiotn a national “pipc]inc,” which consists of technology progratns  of NASA, otkr
p,ovcrtltncnl  agcncics, industry, nonprofit organizations, and aca(iemia,  and are dcvclopcd  and delivered for flight by
Ncw Mill cnniam Progran]  integt ated proclact  ctcvcloptncmt teams.

“1’bc program n~anagcn~cn[  responsibility has been assigned by NASA to tbc Jet I’ropalsion  1.aborato)y  (JP1 ,),
which has crcatc(i and organized the progratn’s  ill~[~lc~llc[~tatiorl structure and its participation] with otbcr NASA
ccntcrs,  particularly tbc Ciod(iard Space }:ligbt Center (G St~C), ~ovcrnmcnt  agencies, incias(ry,  and academia. ‘1’tl(!

imp,ratn validates technologies necdecl for both the future space science as well as future i;ar[b  scictlcc missions &



N A S A ,  at]d (; S}’(”s mlr  is [~rill~arily  [O itnplcntcnt  NMI” S fat[h  othitillp, fli@lts :IHII dcvclo[, [IIC c a p a b i l i t i e s

nccdccl  Iy N A S A ’ s  oflicc of M i s s i o n  10 I)land Ikir[h’s  {i]turc  nliwions.

Scirucc  \4’{}rkil~(;ro~~S\\’(;).. —— —... .——. ——— —— . . . . ._

‘1’hc SW(; ar[iculatcs a visiorl and formu]atcs  the ncvxis for NASA’s tllissions of the 2 Ist ce[ltuty  ty, assimilating

infol-mation  from the plans ofthc  NASA space science prop,  ran~s: The Solar SysIcm  f’rograrn, [hr ()[”1:111s  l’l[)gyam,
the Sllti-llarlh Connccticm I’roglam, and the Slruc{ul-c and livolulion  of lhc Universe I’mg,ram. ‘1 tlc SW(; provi(lcs
this in fbrmaticm  [o tllc NMI” S intcp,ra[ed  product  development tcallls, and (IIC atchitccturc  dcvelo}nne]lt  team, which
[hen dctincs and develops at) initial scl of cmdidalc  tecllnolop,y  validatiml  flig,tlls that will sctvc a~ ‘L[cst vchiclcs”
for thr Irchnologics. ‘1’hc SW(; then assesses the potential scimce rclum of these fligjlts and tllcir vzilue 10 filtm
science missions, making fhr(lwr  rccol~~l~~el~(iatiol~s.  NASA I Ica(iquar(crs,  IIOLVWCI,  makes the I’lnal sclrction  of the
technolo~,y  validation flig,hts that NMI’ \vill iulplcmcnt. ‘1’hc SW(i will also assist in the trarhltl  of lcchnolo~ies
val idated on tile NM1’ flip,hts, };li!,ht  ptoicct-specific  scicncc  advisot y teams and ]nissioo scicilcc tc:it)~s,  ~vl~ich am
ilJ)poillt  Cd ]atcr in the sclcctiotl process, lvl]ctl thC flip,l its aw twtlet defined, a~sis[ in cvaluatitl~j IIlc lccllnolo~,ics  to
bc flown, in Ilw dcsi~,n of the validation fligj]t  itself, and ill IIwlifctritlg, lhc validalcd tcchno]op,ics  [{) Il]c polcnlifil
users.

‘1’l)c  NMI’  has developed a prwccss  for defining and sclcctitl~, tlic technology validation missio{ls  sw I;igurc 1
below).  ‘1’his process is driven by lllc output of the SW(i, the intcg[atcd product dcvclopmci]t t eams .  atld Ihc
arcllilecturc  dcvclopmcnt  tcani.
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Intcp,[atccl I’rocluct IJcvcloprncnt  ‘ 1 ’ c a m s  h a v e  km fou~lcd a[ounci  six kcy tcchr~o]ogy  arca~ that the NcvJ
klillcit~liuln I’rogram  i s  focw+il)g  upon:  I  )  Autonon)y,  2) Microclcctronics, 3) Corlltlllltlic:ltiolls, 4 )  In sit[l
IIls[runlcnts  atKi Micmclcctmmccllmical  Systems, 5)  lnstrun~ell[ ‘l’ecl~nolop,ics aud Architcctutcs,  arid 6) Modutar
and Multifunctional Systems. ‘1’hc 11’1)’1’s  have a mctnbcrship  t(~adc up of individuals hm govcnlnlcllt, industry,
arid acadcllli;i, and tllc tcamiti~, c(nlcept serves :is a vchiclc to bt itlp, rcprcsctl[ativcs fhn these thtec fic’l(ls Iop,cthcr



w i t h  tlIc comn]wi  p,oal of idcntilyiay, I)ty,h }my-t~il”  tculloolt)p,ics, (Ic’vclopla:, a roadnla[)---a  phased Iu’hllology

dcvclojMncnl  platl  IIUXiCd  [O  acl]icvc a rcqoir~d  cal~at)ili[y---fc)t  caclI kclawlog,y  uodct  t h e i r  atca o f  dcvclolmcnl

(( ’asatli I 996), Mivocatiog tcclloolo~,ics  fCII ni~,l]l  validation. and pcl Imniag  tllc validation of technologies sclcctcd
for {light, ‘1 hcy will alSCI  assjst  jll t]]c (laasfct of techaolo!,ics validated by the NMI’

Today these 11’1)’[’s have &XH opcralin$,, coopcralivciy  ft~l ]Ilol c lhaa ol]c ycal and have ovcrcmnc or-gal) izaliot)al
and cultorai  obstacles,  which COOl(i have rlegalivc]y  irlfcclcd this Icart]inp, arm[lp,ciactlt, Iastcaci, the txmcfl(s cf
p,ovcl limcnt, iodustry,  a o d  acadcolia wolkirlf;  tog,cthcr as an in[cg[alcd  tcaai h a v e  proven to fir cmlwcigh t h e
shorlccmiiags  Of soch a COIICCpl,  siacc the tllcmbcts of each tcanl arc wmkinp,  towa(cl  a Ilighcr  g,oal thao jest their
owo “local” area of interest. Par[icipalioa in the teams is proving to bc mutually I>cmtic.ial to all parties. ]odastty
.gcts a close look early OH io the tccl~llc)logy-d  cvclo[~lllcrlt process at whal cit ivcs tllc govcrotncot  technology uccds,
p,ovctorncot  cau sl]apc or slightly modify its rtclaircmcl)ts  fm a bctlcr alifglrrlc[lt with iodastly  ’s commerc i a l
diwction; tmd aca(ictnia cao bring its intcllcctaal and research pcrspcclivc  to tllc tcclltlology-clcvcl( >}lrllcflt ptoccss
SOOHCI  and in a mole ti[>[~licatiol]-oricrltecl mvirtmmcnt,

“1’hc ll)l)”l’s’  o~ctll[)crsllip tvill bc modifird  [)cliodically as lccllrlolo~,ics atc v a l i d a t e d  and IJfioritics  e v o l v e
lcflcctinfi  advances in the tcchnolog,y  and scictlcc vision.

Archifecforv l)cvelopmcnt  l’cam (Al)’1’)~—.———- ..--. —.

‘1’l]c Architccturc I)cvelopmcot ‘1’earn crcatcs  caadidatc valida[im ni@~ts, [mccl WI input from the 11’1)”1’s  aad [Ire
SW(; , which will serve as “test tracks” fm saitcs of advanced technologies. ‘1’llcsc iligllts arc desig,occi [0 cxcrcisc
the sclcctcci tccllacrlogics as thoroaghty as lmsiblc and in a nlanacr  that is sialilat  to Jvllat might bc rk’qail  L.d of
thcm dariog a fillure  scicncc  mission. ‘[ hougll  the flights arc dcsigocd  pr irtla[ ily to demonstrate the tccht~olo~,ics,
tlwy will also attempt to gather scicncc  illfbrrnfitioa  (Ridcrlourc’ 1996).

lil,lC1l’1’ PROJfC’I’S.-—. —-———. --- .-. —

‘1’l)c  I;lighi l?ojects  arc charged with cxccoting  the validation flights h the NM I’, arlci tllcy have cnd-twcori
Irlissiotl  cicsigrr, spacecraft design, iaoacilj and operations rcsponsibiiity, J})l. wili inrpicmcot  the deep space flights,
an(i GSi;C wiii impicmcat tile ilar[h orbitirlg fligi]ts, NMI”S goal is to iaoocir a deep space aad i;arth orhiti[lp,
fli.gilt every 12 to 18 mooti~s, starting in I 998 for tile deep space ptcrqrma  aaci ia I 999 for tile i;at-ti~  orbitirlg
progrtim. i:aci~ fli~ht project wiii select a ]M imary indostly  paltt~cr to )vor~ tvitl} to impicrncot the project,

I)ccp >Jacc l~ii~ one-—— — . . . . . . . .—

‘I”hc first of the Ncw Millcnniam deep spare nights, carrmtly  krtmva as l)Si, wiii fly l)y tllc astcroicl McAoliffc  aod

—----------
11511! ‘~

l’l(i(Ji{ i’. 2. 1)S1 ir[ flight  (;m~fi~,oration - Astctoi(i-(’omct iiyi~y



the comc[  Kol IoLJtck-  WcsI-lkct)]LIta, II is being dcvclopcci  by Ji’I. irl par[ncrsllil)  witil Sl)cctram AsIto, inc. ard is
scl)cdulcci for Iauacil in Jaiy 1998 on a I)clta 7326 (see i;igat-e 2). Among  the advanccci tccilnologics to be tested on
[)S i ate a solar electric prop  aision system that, once validated, will allow the asc of smaller launcil vciliclcs anti
enable silor-tcr lrip times for fahtre  missions, high power solar concentrator aniiys (SC Al{i ,il’1’), a miniatarc
integrated imaging can~era and spcctrotncter,  a rniniatltrt:  itltc~,tatcci ion arid clcctlori spcctron~eter,  a smail dcc~> s~acc
trans~m~clcr  for tclccornr)ltrrl icatiotls, a Ka-barld  solid state power anli~iifier, a 31) stack computer, a
strac[arc, and variolls types of onboard autonormy, sach as one ti)at enable aatonomolis guiciance,
control (i .chrnatl 1996).
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‘i’hc  sccottd dcc~)space  flight will dcmor]strate  i~lanctary rnicropctlctrator  tccllnologics,  I’wo microprobe, each
cot~sistir~g  ofavcry lo\\~r~~ass aer(]si~cll ar~d[)cr~etrator  systcrn,  arc pianncd to Ia{attcll irl January 1999 and ar[ivc  at
Marsin I)cccrll[)cr 1999. They Wili bc calricd “piggyback” on the M a r s  surveyor  l,ander  spacecmfi.

“i’ilc 2kilograrllp  ro[~cs\  villseparatcf  ror~~tl~cI,  arldcrl lI>orlc r~tryirltoMartiar~  a[nlospilcrearld punci) ti~rough  the acrosi~cll
upon impac[  or) the Martian surface. “i’hcy will separate into a forcbodyar~d afihdysysterll, connected by a flex
cabic (SCC f~igarc ~).

Among the llip,t~ly-lt~irl iattlriz,ed advanced tcchnoloxics to b e  validatcci orl tllc microprobcs  f o r  flrtarc
rnicropcnctrator rlctworks arc primary batteries, power e]cc[rortics, control arid data handling rnicroelcctror~ ics,
tclccor]Irl)t]rl  icati()r~s cc] Lri~~rl]cr~t,  ar~ar~tcr]r]a,  arlclascict]cc  i>ayl(~ad  package (Gavit i996). i,ocktlccd Marlin i;lectro-



Optical  Systems llasjus[ bcci)  SCICCIUI as the prift]afy industry pa[-([lcr k)[  participation in ttic inlcgralion tIIId Ics[ing
pro.grarrl for [hc Mars micro~mbcs.

l;krlh  Orbititlg ldight  On~ (1;01)— .-—. . .. ____

“1’k first [;arth orbiting flight, which is being irnplcmentccl by the Goddard  Space I’light  Center, features a n~ulti-
componcnt  land-imaging instrument known as an Aclvanccd  1.ancf  lma~er (AI ,1). It is cxpectcd to laurlch durin~! the
firsl half of’ I 999
(1 .illon), WIIOSC
ckvclop[ncnt  and

and has as its ptinlary industry partners Swalcs &, Associates, Inc. (SAI) and 1.it(on An&m~
tcc.hno!ogical  capabilities complement each otbcr and togc[lm  rcprcscnt a iotal spacccmfl
integration capabi]i[y.
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‘I”hc Al,1 instrument will serve n~ultiplc [mr[mscs,  such as Providinp.  rcrnotc-scnsinz  nlcasurcmcnts  c)f the l;ar-th
that arc consistent with data collcctcd b; tlic” I.ai~dsat “series of iatcllitcs~ Among,  Ihc akanccd technologies that it
will dc[nons(ratc  and flight validate arc a grating image spcc[romctcr,  an atmosphc.ric  corrector, a carbon-carbon
mdiator, a pulsrd plas[na  thrms[cr,  a lightweight solar a[[iiy, and an X-band pllasrd  antiy transmitter. 1;01 will
launch a fc~v rllonths aflcr the I,andsat 7 satellite and will autonomously nlairlt:iin  a position approxirll:i[cly  onc
nlir]ulc behind [,anclsat 7 with the sall~c p,roundtr-ack  as 1.m~dsat  7. OIICC in orbi[,  [1(.)  I will provide 100-?.00” pairccl
s cene  corrlpar  i sons with tbc 1,andwt  7 to cstablisll the suitability of the AI.1 rr~tlltispcctral  tcctlrlolor,y  fin.
incor}mratior]  ilito future l,andsat folioworl nlissions.

CX)N{:I,USI[)N-. ——. -. ——-—

NASA’s New Millcnniurn  Program will serve as a catalyst for the development of advanced techno]ogics  needed
for the arnbit iotrs space and [larth science nlissions  of the next ccntmy, missions [bat NASA expects to bc Iaunchcd
more frequent Iy, return a higher rate of scicacc inforrnat  ion, and bc Iowm in cost. NMP will inlplerucnt  a series cf
validation flights in which these tcchno]ogies  will bc demonstrated and validated, and in which some scicncc data is
cxpcctcd  to bc returned. l’hc program is also doing business in a ncw way, following the “faster, better, chcapcr”
approach to space exploration, and is working  closely to~cthcr with indltstry and acadcrnia  towards a joint goal that
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will bc bcnefrcial  for Ihc ~latio~l through ilicrt’awxl [JS cconotnic  conlpctitivcticss and lower costs to the p{ibiic Ibr the
space pI ogram.
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